Purpose: N-acetylcysteine (NAC) is a potent antioxidant, and a free radical scavenger. We investigated the possible effects of NAC after ischemia/reperfusion (I/R) of rat bladder.
Introduction
is followed by reperfusion. Reperfusion may cause a more severe injury than ischemia alone [5] . Reperfusion and re-oxygenation generate reactive oxygen species (ROS), such as superoxide anions and hydroxyl radicals, mediated oxidation of biomolecules probably causes partial denervation of the bladder wall with the subsequent development of supersensitivity and bladder instability [6] . Thus, free radical reduction for the treatment of I/R injury may beneficial for bladder dysfunction secondary to BPH/BOO.
Panax ginseng C. A. Mayerhas been used for thousands of years in Asia due to its wide spectrum of medicinal effects. It has a wide range of pharmacological and physiological actions, such as antiaging, immunoenhancement, antistress and antitumor [7] [8] [9] . For a long time, it was well known that Panax ginseng had protective properties against free radical attack [10] [11] .
Among the several kinds of Panax ginseng products, Korean red ginseng (KRG, Ginseng Radix Rubra) has the most potent multiple pharmacological actions for anticancer, antihypertension, antidiabetes, antinociception, and improving weak body conditions as tonics [12] . Red ginseng protected smokers from oxidative damage and reduced cancer risk associated with smoking [13] . Red ginseng aqueous extract had free radical scavenging activity [14] . Korean red ginseng components also increased the antioxidant enzymes activity in the liver [11] . Although KRG has been investigated for multiple purposes, its effect on I/R injury of the bladder has not yet been elucidated. The present study was performed to determine whether KRG protected the rat bladder against dysfunction and oxidative stress induced by I/R injury.
Materials and Methods
Administration of KRG
Steamed ginseng (KRG, Cheong-Kwan-Jang) was purchased from the Korea Gingseng Corporation (Dae Jeon, Korea) and was dissolved in distilled water. KRG (100 mg/kg per day) was given orally for 6 weeks before surgery and continued until the end of the experiment.
Animal model
Twenty 6-week-old male Sprague-Dawley rats (120± 20gm) were divided into four groups: sham operated group (S), sham operated pretreated KRG group (S+KRG), ischemia/reperfusion group (I/R), ischemia reperfusion and pretreated KRG group (I/R+KRG). All animal experiments followed a protocol approved by ethics committee on animal research at Chungnam National University Hospital. The rats were housed in wire-bottomed cages and were acclimatized at 21℃ on 12:12-h light-dark cycle and were allowed access to water and chow ad libitum. The S and I/R group were fed tap water while S+KRG and I/R+KRG group fed the water with KRG for 6 weeks. Rats were fasted for 6 hours before the experiments but were provided with tap water or KRG solution. In all protocols a combination of 80 mg/kg Ketamine and 12 mg/kg xylazine was used to induce anesthesia. Throughout the anesthesia, body temperature was maintained using a heating pad. The S and S+KRG group consisted of surgical shams that low abdominal midline incision was made and the abdominal aorta was exposed but left intact under sterile condition.
Ischemia was created by clamping the abdominal aorta just above its bifurcation with a vascular clamp (Sugita standard aneurysm clip, holding force of 140g) for 1hour. Reperfusion was achieved by removing the clamp;
reperfusion lasted for 1 day. And then the rats were anesthetized, the bladder of these groups was excised. The bladder dome and body were separated from the bladder base at the level of the ureteral orifices. The bladder was dissected free of fat tissue and blood vessels. The ventral half was divided into longitudinal strips. They were immediately placed in organ baths. The dorsal half was stored at -70'C for biochemical assays. Contractile responses of the same muscle strips to 120mM KCl were also monitored.
Malondialdehyde (MDA) Quantitation
The extent of lipid peroxidation was measured by the amount of MDA, which was assayed by the thio- 
Measurement of xanthine oxidase activity
The Amplex When the rats were treated with KRG, the mean levels of blood flow to the bladder during reperfusion were slightly, but not significantly, increased when compared to those not receiving KRG treatment (Table 1) .
Results of contractile response
Contractile responses of the bladder dome strips of each group to carbachol were determined (Fig. 1 ). For 
MDA Quantitation
The mean level of MDA, which is a major degrada- 
Results of xanthine oxidase activity
The mean level of xanthine oxidase activity showed a marked increase following I/R group compared with S 
Results of NADPH-driven superoxide production
The basal bladder superoxide level of I/R group was highest, but not significantly different from other groups.
NADPH-driven superoxide production was increased in the I/R group (5319±291 RLU/1ug tissue for I/R group vs. 3464±688 RLU/1ug tissue for S group and 3363±345 RLU/1ug tissue for S+KRG group RLU/1ug tissue, p<0.05, Fig. 4 ). NADPH-driven superoxide level was significantly decreasedby treatment with KRG (3642±549 RLU/1ug tissue, p=0.03, Fig. 4 ).
Discussion
I/Rplays an important role in the etiology of contractile dysfunction of the bladder when induced by partial bladder outlet obstruction in animal models, and in obstructive dysfunction in men [1] . Partial outlet obstruction induces a decrease in bladder blood flow (ischemia phase) with a resulting decrease in oxygen tension (hypoxia) in the thick bladder wall, followed by an increase in blood flow and oxygen tension after micturition (reperfusion phase) [15] . Bladder overdistension occurs in patients with acute urinary retention secondary to bladder outlet obstruction [16] . Overdistension, as a physiological or pathological stress, has been shown to result in contractile and metabolic dysfunction of bladder [17] . Prolonged overdistension can result in injury to the neural pathways responsible for micturition [18] , reduce bladder elasticity, alter the biochemical and neuronal responsiveness of the bladder [16] , and subsequently leadto micturition problems. After overdistension, catheterization/decompression induces reperfusion injury in the bladder and that ROS are one of the main contributing factors in this injury [15] . ROS consists of molecular oxygen and all of its aerobic cellular metabolites including superoxide (O2 -) and hydroxyl radical (OH -).
ROSthat cause lipid peroxidation of cellular membranes, further dysregulating Ca +2 homeostasis and perpetuating cell and subcellular organelle membrane damage [19] [20] .
Studies in an in vitro model of ischemia/re-oxygenation have demonstrated that the rate and magnitude of bladder contractile failure are directly related to the extracellular calcium concentration, which in turn is directly related to the level of lipid peroxidation after re-oxygenation [21] .
A strong association between cellular and subcellular membrane damage, and the contractile dysfunction was found in obstructed rabbit bladders and in men with obstructive dysfunction [22] [23] . The reduction in contractility of bladder muscles may be attributed to the impairment in signal transduction originating from the stimulation of muscarinic receptors by carbachol [24] .
Another possibility is that ROS may have a role of di- In rats, KCl has a neurogenic stimulation effect in addition to the one it has on muscle stimulation by direct depolarization [25] . In this experiment we observed a significant decrease in the contractile response to KCl in I/R groups. This finding means I/R injury results in the Additional studies are needed to confirm the benefits of KRG to the neuronal damage.
Perfusion following the relief of acute bladder distention was associated with a time dependent increase in lipid peroxidation. Increases in lipid peroxidation can lead to nerve and smooth muscle membrane damage [21] . Ohnishi et al [4] noted in rabbits that in vitro ischemia with subsequent re-oxygenation and substrate replacement resulted in a significantly increased rate of MDA generation, a marker for the degree of lipid peroxidation. The MDA concentration in the bladder was significantly increased in I/R group. Treatment with KRG significantly decreased MDA production by ischemia-reperfusion, and interestingly, the MDA concentration in I/R+KRG group was significantly lower than that of I/R group. These data suggest that KRG has an effect to reduce ROS production in the ischemia-reperfusion organs.
As increases in lipid peroxidation can produce nerve and smooth muscle membrane damage, KRG may associate with defensive mechanism that reduces lipid peroxidation.
There are various sources of superoxide such as nic- This system is thought to be the predominant driver of O2 -formation [27] . KRG inhibits the basal superoxide production and NADPH oxidase in the bladder. KRG inhibits generation of ROS that cause damage the cellular membranes. Pretreatment of KRG protects this continuing membrane damage underlies the progressive bladder dysfunction.
XO is an interconvertible form of xanthine oxidoreductase (XOR); the other form isxanthine hydrogenase (XDH). In normal tissue, XO exists as XDH. During ischemia, XDH is cleaved by a calcium-dependent protease that converts it to XO [28] . At the same time, cellular adenosine triphosphate (ATP) is catabolized to hypoxanthine, which accumulates in ischemic tissue. After reperfusion, XO oxidizes hypoxanthine to xanthine, and further oxidizes xanthine to produce uric acid, O2 − , and hydrogen peroxide [28] [29] . A variety of pathophysiological conditions, including hepatic I/R and hemorrhagic shock, are reported to induce the systemic release of XO [30] [31] . In the pathophysiology of bladder I/R, the re- 
